INTRODUCTION
Measuring or estimating the water consumption of plants is the basic point for irrigation management, which can be calculated by various methods, direct and indirect (PRIMO et al., 2015) . The gravimetric analysis is an example of a direct method, and the indirect ones are: neutron dispersion, capacitance, time domain reflectometry (TDR), frequency domain reflectometry (FDR) and measurement of the soil-water potential (ANDRADE JUNIOR; SILVA; DANIEL, 2007; ALLEN et al., 2011) .
The most accessible method to all users is gravimetric analysis, because is accurate and reliable. However, it presents some limitations, such as the time to obtain the results, which can take up to 3 days (ALLEN et al., 2011) .
The great advantage of indirect methods is because they estimate the soil moisture from the physical properties, which allows many readings in the same place without the destruction of the soil with samples collection (SOUZA et al., 2016) . The FDR sensor used is introduced into tubes installed vertically in the soil profile without moving the soil profile off the tube (EVETT et al., 2012) . These methods are alternatives to the weighing lysimeters, because present high cost of implantation and corrective repair (HOFFMANN et al., 2016) .
The basic principle of operation is given by means of a high frequency electric field formed by the sensor. This electric field is altered according to the amount of water molecules in the site (FRANCISCO et al., 2014) . The Diviner 2000 ® probe is an example of a FDR sensor.
them, the spatial and vertical variability of soil density caused for growth of the root zone and differences in soil wetting due to the variation of rainfall or irrigation, which may lead to overestimation of water addition (EVETT; TOLK; HOWELL, 2006) . In addition, other problems can be found such as the constant trampling around the access tube, modified the infiltration of water in the soil, obtaining an incorrect estimates of evapotranspiration (ALLEN et al., 2011) .
There are several works with calibration of the FDR probes for use in different types of soil for the application of technique on water management (ANDRADE JUNIOR; SILVA; DANIEL, 2007; SILVA et al., 2007; LIMA FILHO; COELHO FILHO; COELHO, 2013; SOUZA et al., 2013; FRANCISCO et al., 2014; PRIMO et al., 2015) .
The comparison of the use of the FDR, by means of the soil water balance, with other methods aims to identify the potential use of the capacitive probe as a method of determining the water consumption by the plants. Then, the objective of this study was to evaluate the performance of a FDR probe to estimate the water consumption of Urochloa brizantha cv.
Marandu in two cultivation systems, single and intercropped with oat and ryegrass.
MATERIAL AND METHODS
The experiment was carried out at the Escola Superior de Agricultura "Luiz de Queiroz" (ESALQ/USP) Piracicaba/SP city. Two plots with a unit size of 144 m² were used, inside each were installed three access tubes for data collection with the capacitive probe. At the center of each plot was a weighing lysimeter, which was used to compare the results (Figure 1 ).
The soil of the experimental area is classified Eutrophic Red Nitosol (SANTOS et al., 2013) . The soil presents average levels of 32.5% of sand, 18.95% of silt and 48.55% of clay (depth of 0.4 m -higher root concentration).
The cutting cycles were compared, four cutting cycles of Urochloa brizantha cv. When inserted into the soil, the probe will emit a frequency of soil oscillation (Fs), which is converted to the scaled frequency (SF) through of the programming. The calibration of the probe was done for the soil of the experimental area according to the manufacturer's recommendation, in five moments with different soil moisture (10 to 50% of based on volume).
The SF conversion to volumetric moisture (θ) is found in Equation 1.
= 0,2799
Where,
θ -volumetric moisture (%)
SF -scaled frequency, dimensionless.
The probe readings were performed daily to verify the optimal interval between readings.
With the observation of the results, was adopted the variations of soil moisture in intervals of four days.
The crop evapotranspiration (ETc) was calculated by means of the soil-water balance, The data were submitted to comparative analysis by Student's t-test using the ASSISTAT 7.7 software (SILVA; AZEVEDO, 2002) and descriptive analysis.
RESULTS AND DISCUSSION
Simple correlation tests were performed between the Kc values determined by the lysimeter (L) and those determined with the FDR probe in each Diviner access tube (AT1, AT2
and AT3 in P1; AT4, AT5 and AT6 in P2), comparing the results by Student's t-test, those presented in Table 1 .
Some values determined in both methods had linear and significant behavior. In the plot 1 (P1), the correlation of the Kc obtained in the lysimeter and in the Diviner access tubes (AT1, AT2 and AT3) was significant in cycles C1 ( = 1%) and C3 (LP1AT3) with  = 1%. For the cycle 2, the comparison between lysimeters and probe showed no significant correlation.
Regardless of the cycle, the interactions between the ATs were significant (α = 1% and 5%),
showing that the behavior between them is similar.
The correlation made in P2 showed that for the 2 and 3 cycles (C2, C3) there was no significant correlation between the values determined in the AT points and the lysimeter. Only in cycle 1 (C1) there was a significant difference of 1% between the lysimeter and AT4, AT6, and in cycle 3, there was a significance of 5% for AT6.
Similar to in P1, the AT measurements showed a significant correlation with each other, except in cycle 1 (AT4 x AT6) cycle 3 (AT2 x AT3 and AT5 x AT6), it's showed no significant correlation with the others.
This fact may have occurred due to not soil total accommodation around the access tubes, since the collection of data from cycle 1 was installed in the previous month, leading to the presentation of these faults. Due to the presented facts, it can be affirmed that the use of capacitive probes to estimate Kc needs to be evaluated in each situation, and that the installation of ATs must be performed very carefully.
Considering the interactions previously presented, the estimates of Kc obtained by the probes were compared with those observed in the lysimeters with analysis of mean error (ME), mean absolute error (MAE), root mean square error (RMSE) and Willmontt's concordance index, shown in Table 2 .
It was observed that the determination of water consumption by the FDR probe was From the data collected, the values of the crop coefficient were determined in initial (Kcinitial), middles (Kcmiddle) and final (Kcfinal) cycles for the two methods (Table 2 ). There was a large variation in the results obtained with the probe in relation to lysimeters. The most part of determination (72%) per capacitive probe were overestimated in relation to the lysimeters and in only 5 points were underestimated.
When comparing the determination of evapotranspiration with the use of lysimeter and the ratio of Bowen (Thermocouple and Resistance Temperature Detector), authors verified the underestimation of Bowen's ratio (HENAREJOS; MARTÍNEZ; RUIZ, 2000) . Another study compared the use of capacitive probes in relation to the neutron probe, verified that the capacitive probe is more sensitive to the change of moisture when the soil volume between drip point and sensor evaluated is higher (MOUNZER et al., 2007) . Considering the sprinkler irrigation, where the water drops fall more dispersed in the area, the data variability is bigger. ns -not significant; * -significant at the  = 5%; ** -significant at the  = 1% 
